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Abstract The antithrombotic effects of four compounds structurally related to aspirin (acts 
tylsaHcyUc acid, ASA) were examined in a rat model of arterial thrombosis and compared to , 
ASA. ASA had antithrombotic activity, but only at high doses (200 mg/kg), when carotid! 1 
artery thrombosis was induced 15 min after intravenous drug administration- Lower doses^ 
were associated with augmented thrombus formation in some animals. 2-Propionyioxybcn-j 
zoic acid, which has in vitro activities similar to ASA, caused similar in vivo effects, but waij 
antithrombotic at 100 mg/kg. 3-PropionyIoxybcnzoic acid, which augments platelet function ; 
in vitro, and 3-methylphthatidc, which inhibits triphasic adenosine diphosphate-mdaced^ 
platelet aggregation, had no statistically significant effects. 2-Acetoxybenzoic acid, which is 
weak platelet aggregation and prostaglandin biosynthesis inhibitor, had antithrombotic ac%,« 
ity at 100 and 200 mg/kg and was not associated with augmented thrombosis at lower doses a!; 
found with ASA. The pattern of antithrombotic activity of this series of compounds does not; 
reflect in vitro effects on prostaglandin biosynthesis and indicates alternative mechanisms oT 
antithrombotic activity. 




Introduction 

Attempts to inhibit thrombus formation 
with aspirin (acetylsalicylic acid, ASA) in ex- 
perimental models [1] and in clinical studies 
[2-5] have been less than completely success- 
ful; however, it has been found that ASA has 
a clearly beneficial effect in some groups of 

1 This work was supported "by grants from the On- 
tario Heart Foundation. 



patients under some circumstances. The dis- 
covery of ASA-sensitive prostacyclin (PG$ 
biosynthesis [6J has provided a possible ex- 
planation for the variable in vivo results wift 
ASA. One strategy for the development of 
antithrombotic therapy has been to njar> 
mize the platdet-inhibitory effects of ASA 
and minimize the inhibition of PGI2 biosyn- 
thesis by using doses within a narrow ran? 
[7, 8], In other studies, high doses of ASA 
have been found to inhibit platelet function* 
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Tflbte I» Summary of ASA-likc compounds 



Compounds Platelet 



aggregation (13,22,23] ATT 

— — release 

1st 2nd (23] 
phage phase 



PG FDE 
synthesb activity* 
[13,23] 



Bloodvessel Rat 

— paw 

PG1 2 aracbi clonic edema 

activity acid 031 



[23] 



metabofcsin 
P3J 



ASA 
2-PBA 

«*ba 

ABA -+ 



+ - Inhibhiojx; - = no effect; 7 = potentiation. 
}> Flatekt phosphodiesterase activity {XiBnckey * aL, unpublished]. 



f 



^ad thrombus formation by mechanisms in- 
dependent of cyclooxygenasc inhibition [9- 

This laboratory has been involved in the 
Jtody of a series of ASA-like compounds 
P *4rich display a variety of effects in vitro on 
• jfetelet function, platelet prostaglandin (PG) 
.flfesynthesis and vascular PGI2 production, 
^nd in vivo on canageenin-induced rat paw 
I inanimation (tabic I), despite having only 
1 *fcfct structural modifications compared to 
I SSA. We now report on the effects of high 
jf^fces of these compounds in a rat model of 
tutorial thrombosis in which ASA has pre- 
k$°Q$ly been shown to have antithrombotic 
if** [10, 11], 



^Methods 



compounds studied are shown in figure I. 
■ obtained from Sigma (St Loui3) and 2~ace- 
oicacid (ABA) from Alcnich' (Montreal), The 
'impounds were synthesized in this laboratory 
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Ffc. 2. The cfibcU of ASA (■) aad related com- 
pounds <b . ABA. » - Z-PBA, o «. 3 -PBA, A = 3-MP) 
on the rat thrombosis modcL Each point represents 
the difference in time to thrombosis of the left carotid 
artery (after drag administratios) compared to tbc 
right carotid artery (control, x) as a percent of the con* 
trol for a single animal. Doses are indicated on the 
abscissa. The range of values tor control animals is 
also indicated. ASA IC indicates that thrombosis was 
ityjn^M 10 Twin after 10 mg/ks ASA administration 
instead of the usual 1 5 rnin. Asterisks indicate statisti- 
cally significant differences: ASA 10 mg/k& p < 
0.005; ASA 200 nnj/k& p < 0.05; ABA 100 mg/k& 
p < 0.01; ABA 200 mg/te p < 0.05; 2-PBA 100 
mg/kg. p < 0.02. 



current (350 V, 1 mA DO for 1 min. based on tfc 
method cAHladovec [121. In this model, downsfa^ 
arterial temperature, as recorded with a thernas^, 
probe, fells in proportion to the extent of art^ 
occlusion [10, 11). Electron microscopic studscj ^ 
thrombus formation in this model have dcmo&sintcd 
the presence of occluding thrombi, consisting of 
densely packed platelets, fibrin strands and red bkoa 
<y*y* at the time of maximum mil in temperature; 
while at earlier times, areas of platelet depositksiigcjj 
art found [10, 11 J, The temperature was recorded fc* 
15 tt>tti after termination of the electrical sdrauh^ 
Animal body temperature was maintained at 37 *q 
using a warmed surgical stage. After injury to therigkt 
carotid artery (control), vehicle (50% porycthyie* 
glycol 600 in isotonic sairae) or drag (dissolved * 
vehicle) was injected into the femoral vein of the right 
leg in volumes less than 0.6 mJL Thrombosis *at 
induced in the left carotid artery 15 min after dn^ 
administration except in one group of rats what 
thrombosis was induced 10 min following ASA (If 
tag/tg). The time (sain) from the initiation of the dec- ' 
trical stimulus to the point at which the downstream » 
temperature fell to 50% of the final value was defined 
as the time to half maximum mil in tcmperanae 
(Ti^max). The results were expressed as the inotse 
in the Ti/jmaxof the test vessel compared to tbc coo-'' 
trol, as a percent of the control value. Drug effocs«o 
thrombus formation were determined by compatxas 
the Ti^max of the left artery (test) to the Ti/$cax& 
the right artery (control) by Student's t test for p»«fr 
data. 



in collaboration with Dr. M. Hirst of this department 
Details of the synthetic methods arc available upon 
request Urethane (ethyl carbamate) was from BDH 
(Toronto) and polyethylene glycol 600 was from 
Fisher (Toronto). 

Thrombosis Modd 

Male Spxagno-Dawley rats* 200-250 g m weight 
were anesthetized with urcthaoe (6 ml/kg of a 25% 
ftoLutxbn, Lp.). A tracheal cannula was inserted and the 
right and left common carotid arteries were dissected 
free of surrounding structures. Thrombosis was in- 
duced in the. carotid artery by application of an electric 



Results 

Tbc differences in the time to thrombot 
formation between the right carotid artery 
control aixl the left carotid artery after vd* B 
cle infusion were small (fig. 2). ASA caused 
an increase in the range of these values M 
depending on the dose and time of stimute 
administration, was associated with csUkt 
the inhibition or augmentation of thrombo- 
sis, 3.3 mg/kg of ASA (iv.) was the Io*rf 
dose studied as it inhibits rat platelet aggtf" 
tion induced by arachidonic acid without lfr . 
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hihiting rat aorta PGI 2 production [KUlackey 
a unpublished]. This dose of ASA had no 
consistent effect on thrombus formation. 10 
or 100 mg/kg of ASA, administered 15 mia 
before induction of thrombus formation* also 
bad no consistent effect; however, with the 
higher dose, augmentation of thrombus for- 
mation occurred in 3 out of 7 animals, while 
thrombosis was inhibited in only 1 animal. 
ASA had statistically significant antithrom- 
botic effects at high doses (200 mg/kg) and in 
3 out of 6 animals vessel occlusion was com- 
pletely inhibited In the case where thrombo- 
sis was induced 10 mia after administration 
of ASA (10 mg/kg), there was a statistically 
significant inhibition of thrombosis; how- 
ever, this effect was transient. These findings 
are consistent with previously reported ob- 
servations [10, HI- 

Thrombosis was induced 1 5 min after the 
Ministration of all the other compounds. 
h» previous studies, ABA has had no effects 
k vitro on platelet aggregation or ATP re- 
lease or cm platelet or blood vessel cyclooxy- 
&rase activity when tested at concentrations 
kss than 1 mM (table 1). ABA, however, is at 
feast as effective as ASA in inhibiting carra- 
Benin-induced rat paw edema [13]. Here, 
ABA caused trends toward the inhibition of 
^fronrtms formation and the effects were sta- 
teticalry significant at 100 and 200 mg/kg. In 
^trast to ASA, ABA had more consistent 
^thrombotic effects at 100 mg/kg than at 
fcsher doses and it was not thrombogenic at 
% dose. ABA differs chemically from ASA 
a ti*at an acetyl group replaces the important 
; ^oetoxy group of ASA This allows ABA to 
in two tautomeric forms (fig. 1). 3- 
^ytphthaUde (3-MP) was synthesized in 
; to have a compound which was similar 
^rirjgtantomcr form of ABA, Like ABA, 
has no effect on platelet cyclooxygen- 
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ase activity, but it does inhibit both phases of 
ADP-induced platelet aggregation (table I). 
3-MP also inhibits PGl2-Iike activity produc- 
tion from rabbit aorta rings, but does so with- 
out inhibiting rabbit aorta conversion of I4 C- 
arachidonic acid to PGs. Preliminary studies 
show that 3-MP inhibits cyclic nucleotide 
phosphodiesterase activity. Like ABA, 3-MP 
is also potent in vivo in inhibiting edema 
[13], Here, 3-MP had antithrombotic activity 
in some animals but, unlike with ABA, the 
effects were not statistically significant In 
addition, no augmentation of thrombosis oc- 
curred. 

2- Propionyioxybenzoic acid (2-PBA) is 
structurally similar to ASA except that the 
acetoxy side chain is extended one carbon 
unit to a propionyloxy group (fig. 1). like 
ASA, 2-PBA inhibits platelet aggregation and 
PG synthesis and blood vessel PGIrlikc ac- 
tivity production, but does so only at higher 
concentrations than ASA (table 1). In vivo, 
however, 2-PBA was more effective than 
ASA in inhibiting edema [1 3]. In the present 
study, 2-PBA caused statistically significant 
inhibition of thrombus formation at 100 
mg/kg in contrast to ASA, which was throm- 
bogenic at this dose. 

3- Propionyloxy benzoic acid (3-PBA) dif- 
fers structurally from 2-PBA only in the posi- 
tion of the propionyloxy side chain, but this 
leads to major alterations in pharmacological 
properties. 3-PBA has been associated with 
increased platelet aggregation, ATP release 
and blood vessel PG^lik© activity produc- 
tion (table I) and with increased edema in a 
carxagccnin-induced rat paw model of in- 
flammation. In this study, 3-PBA had no 
statistically significant effects on thrombus 
formation, although the time to thrombus 
formation was prolonged in 4 out of 7 ani- 
mals. 
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Discussion 

ASA administered 15 ink before injury 
had a greater tendency to promote thrombus 
formation than any of the other agents. The 
thrombogenic effect of ASA was first seen at 
3-3 mg/kg and "became more pronounced at 
10 and 100 mg/kg. This has also been re- 
ported in studies with rabbits [14, 1 5]. The 
antithrombotic effects of low and high doses 
of ASA in rats, as seen here, have also been 
previously reported [10, 11]. The transient 
nature of the low dose (10 rug/kg) effect is of 
interest; however, it limits the potential use- 
fulness of this ASA dose in preventing 
thrombosis. With 200 mg/kg ASA, the bal- 
ance of effect is clearly on the side of anti- 
thrombotic activity. ASA was the only agent 
to completely eliminate thrombus formation 
in any animals and this effect is very repro- 
ducible as indicated in other reports [10, 
111 

The results with ABA are of particular 
interest as this compound is very similar in 
structure to ASA, with an acetyl group re- 
placing the reactive acetoxy group of ASA. 
ABA does not acetylate the cyclooxygenase 
enzyme and has lew in vitro properties in 
common with ASA; however, it does inhibit 
rat paw edema in vivo. Here, ABA did not 
have the thrombogenic effects of ASA when 
tested at 50-200 mg/kg (Lv.), suggesting that 
this property may be related to the inhibition 
of PG biosynthesis. Although ABA did not 
cause complete inhibition of thrombosis as 
seen with ASA at 200 mg/kg (Lv.), it caused 
the most consistent antithrombotic eficcts of 
all agents tested. These effects were more 
consistent at 100 than 200 mg/kg, indicating 
that they are not a result of nonspecific toxic- 
ity. 3-MP was synthesized to resemble the 
ring tautomer form of ABA and it is more 



active than ABA in all in vitro assays includ, 
ing inhibition of platelet function and PGl^. 
Eke activity production (table I) and in 
in the rat paw edema model [13]. The rcsrjltj 
with 3-MP here are variable compared to 
ABA, possibly un derlining the importance of , 
3-MP-mediated inhibition of PGI2 bjosya. 
thesis. 

2-PRA caused statistically significant in. 
hibition of thrombosis at 100 mg/kg but not 
at 50 mg/kg and it did not display the mfa 
range of effects seen with ASA. The similar- 
ity of effects of 3-PBA (100 mg/kg), 2-PBA 
and ABA, despite vastly different in vitro 
profiles (table I), provides further evidence 
that these compounds at these high concen- 
trations are exerting effects which are not 
related to the in vitro effects on platelet j 
aggregation and platelet PG biosynthesis. 

ASA has unique effects on thrombosis 
when tested in this model and compared to 
these structurally related agents. The throm- 
bogenic effect of ASA, even at low doses, i 
worrisome in the consideration of a drug foe 
use as an antithrombotic agent The cansj* 
tent antithrombotic effects of ABA, an agent 
with no cyclooxygenase inhibitory activity,' 
are more encouraging and close comparisons 
of the mechanisms of action of high doses of 
ASA, ABA and 2-PBA in vitro on cyclooxy* 
genase-independent systems are now war- 
ranted. Reports that ASA has triphasic inbfr 
itory effect on platelets in vivo [1 61, that ASA 
inhibits platelet function independent of cy- 
clooxygenase activity [91 and that metabo- 
lites of the lipoxygenase pathway may be 
involved in the effects of ASA [17-19] a* 
potentially important. Recent studies bavt j 
confirmed that high doses of ASA prolong j 
the bleeding time in rats with a dose-respoa* 
pattern that is different from salicylate [203- 
This is of interest in light of the apparent m 
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^cataticna of the antithrombotic effect of 
yw-dosc ASA, 10 min before Hrjury, by sa- 
licylate [21]. 

this study shows that hd^h doses of these 
benzoic acid derivatives share some of the 
antithrombotic properties of high doses of 
ASA despite their variable effects onPG bio- 
synthesis. This scries of compounds is a use- 
ful tool for investigating the lipoxygenase 
pathway of platelets and endothelial cells and 
other potentially important mechanisms of 
antithrombotic action of high-dose ASA. 
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